Aims. We seek to gain a deeper understanding of stripped-envelope, core-collapse supernovae through studying their environments. Methods. We obtained low-resolution optical spectroscopy with the New Technology Telescope (+ EFOSC2) at the locations of 20 type Ib/c supernovae. We measured the flux of emission lines in the stellar-continuum-subtracted spectra from which local metallicities are computed. For the supernova regions, we estimate both the mean stellar age, by interpreting the stellar absorption with population synthesis models, and the age of the youngest stellar populations using the Hα equivalent width as an age indicator. These estimates are compared with the lifetimes of single massive stars.
Introduction
The progenitors of stripped-envelope core-collapse (CC) supernovae (SNe) still evade direct detection (Smartt 2009 ), although reasoning dictates that they are Wolf-Rayet (WR) stars (Crowther 2007) . This class of explosions encompasses the hydrogen-deficient supernovae of types Ib and Ic (collectively SNe Ib/c), but also SNe IIb that retain part of their hydrogen envelope. In Leloudas et al. (2010) we showed that the locations of SNe Ib/c within their host galaxies are indeed consistent with those of WR stars. Several open questions exist in relation to these stellar explosions, the most fundamental of which probably is whether they result from the evolution of single or binary stars.
To appear as a SN Ib/c, the progenitor star has to undergo significant stripping of its outer hydrogen envelope. This could be the result of mass loss due to stellar winds in single massive stars. Alternatively, the outer envelope could be shed owing to binary evolution (e.g. Podsiadlowski et al. 1992) . The idea that at least a significant fraction of stripped-envelope SNe come from a binary channel presently enjoys significant support (e.g. Fryer et al. 2007; Smartt 2009; Smith et al. 2011) , based largely on arguments related to the stellar initial mass function (IMF) and the observed ratio of type Ib/c to type II SNe.
Valuable insight into the nature of these explosions can be gained through observations of their environments because the environmental properties can be used for a number of tests. In the single massive star evolutionary scenario, normal SNe Ic are expected to arise in higher metallicity environments than SNe Ib. This is because wind-driven mass loss for single massive stars depends strongly on metallicity (Vink & de Koter 2005) , and SNe Ic need to lose more mass than SNe Ib. If the mass loss is instead caused by binary evolution, it is probably independent of metallicity (Fryer et al. 2007 ). Therefore, determining the metallicity at the locations of type Ib/c SNe has the potential of probing their origins. Another potential probe of the explosion progenitor is to determine the age of the local stellar population. This is because single massive stars should only be found in young, actively star-forming regions. For such environmental studies, large samples are necessary for a statistically reliable approach.
Although indirect (Prantzos & Boissier 2003) and direct (Prieto et al. 2008 ) global host galaxy metallicity measurements exist, studies focusing on the local environments have been based until recently on proxies of metallicity (Anderson & James 2009; Boissier & Prantzos 2009 ). Two contemporary studies (Anderson et al. 2010; Modjaz et al. 2011 ) re-port on SN host galaxy metallicity measurements that are both local (at the site of the SN) and direct (using local emission-line metallicity estimates). Anderson et al. (2010) studied 74 host H II regions of CC SNe, of which 27 were type Ib/c SNe, while the Modjaz et al. (2011) study focuses on 35 SNe Ib/c. The two studies disagree somewhat regarding the existence of differences in the environmental metallicities between type Ib and type Ic SNe. Anderson et al. (2010) find equal metallicities between the two, while Modjaz et al. (2011) report on a difference of 0.20 dex, which they argue is statistically significant.
In this paper we report on similar observations of 20 SNe Ib/c sites (15 of which are new), thereby increasing the existing sample. Our targets, observations, and data reduction are presented in the next section, where we also discuss the critical issue of spectroscopic classifications. In Sect. 3 the methods for subtracting the stellar continuum from the spectra, measuring the local metallicities at the SN sites and estimating the age of the local stellar populations are described. Section 4 contains a discussion of our results and Sect. 5 concludes our study.
The data and data reductions
We targeted host galaxies of normal stripped-envelope CC SNe that have been closely monitored by either the Carnegie Supernova Project (CSP) or the SDSS-II Supernova Survey. For the present study the sample selection is only relevant for understanding the potential biases in our data.
The CSP (Hamuy et al. 2006 ) obtained unprecedented photometry and spectra for ∼250 SNe of all types, 35 of which were stripped CC SNe. These SNe were discovered by different search programs that typically monitor bright (m B ∼ 11 − 16) nearby galaxies. This, of course, introduces an unavoidable selection bias.
The SDSS-II Supernova Survey (Frieman et al. 2008 ) scanned an equatorial strip of the sky searching for SNe Ia to be used for cosmology (see Kessler et al. 2009 ). Other types of SNe were also discovered, including ∼20 stripped-envelope CC SNe. The SDSS SN host galaxies are typically fainter (m g ∼ 17 − 22) and less spatially resolved than those followed by the CSP. Spectra for some of the brightest of these galaxies exist in the SDSS database (e.g. Prieto et al. 2008 ), but these spectra are centered on the galaxy nucleus and not on the SN location itself. The SDSS sample is a relatively unbiased sample from a host galaxy point of view. We note, however, that this survey was targeting mainly SNe Ia and that the selection of CC SNe was not made in order to obtain a complete, unbiased sample. Some CC SNe were only observed spectroscopically at lower priority, depending on the availability of telescope time, while other events were initially (photometrically) misidentified as SNe Ia.
The data presented in this paper were collected during three consecutive nights (21 -23 August 2008) with the ESO New Technology Telescope (NTT) equipped with EFOSC2. The galaxies observed were those that matched the RA and DEC window best, so this should not introduce any more biases. There is no overlap with the sample of Anderson et al. (2010) and only a small overlap (5 SN hosts) with the sample of Modjaz et al. (2011) . The Modjaz et al. (2011) sample also includes SNe that were discovered in 'non-targeted' searches (such as the SDSS-II SN Survey) while the Anderson et al. (2010) hosts are mostly 'targeted' galaxies.
A list of the observed galaxies is provided in Table 1 . This table contains basic information on the host galaxy, the hosted SN, as well as details concerning our observations. We comment further on the critical issue of SN typing in Sect. 2.1. The tabulated offsets are SN galactocentric distances (projected on the plane of the sky), based on the redshift of the host galaxies. The following cosmological parameters have been adopted throughout the paper: H 0 =73 km s −1 Mpc −1 , Ω M = 0.27, and Ω Λ = 0.73. For the two galaxies that are not in the Hubble flow (i.e. NGC 1187 and NGC 4981), we used the distances reported by Tully et al. (2009) . For the solar metallicity, we adopted the following value: log (O/H) + 12 = 8.69 (Asplund et al. 2009 ).
Our observing strategy involved positioning the slit to contain both the explosion site and the galaxy center. This was done at the expense of not observing at parallactic angle, but most objects were observed at low airmasses (Table 1) so any differential slit losses should be minimal. In most cases we used the EFOSC2 grism 11, but other grisms were also used to optimize the resolution in the (restframe) wavelength region 3700 − 6800 Å. A 1 ′′ wide slit was used throughout the observing run. It is noted that at the time of observations there was no significant contribution to the measured flux by the underlying SNe. SN 2007kj, the brightest of the SNe discovered in the fall of 2007 in our sample, is not expected to contribute with more than 4×10 −19 erg s −1 cm −2 Å −1 in the V-band (assuming a latetime evolution similar to the type Ib SN 2007Y; Stritzinger et al. 2009 ).
All frames were bias-subtracted and flat-fielded with standard tasks in IRAF 1 . Cosmic rays were removed from the science spectra with the task LACosmic (van Dokkum 2001). The tasks identify, reidentify, and fitcoords were used on the HeAr arcs to create 2D dispersion maps and all 2D spectra were wavelength calibrated with the task transform. We extracted spectra using apall both at the SN location and at the galaxy nucleus. For the SN location we tried to use the smallest aperture possible (e.g. 7 − 10 pixel wide columns) to minimize contamination from neighboring regions. In some cases this still corresponds to integrated light from areas on the order of 1 kpc 2 , in particular when the effect of seeing is included. This illustrates the limitations of this method, i.e. that the 'local' SN environment probed is in reality a large region, although this method still probes the SN environment better than a nuclear galaxy spectrum. In four cases where no useful signal could be recovered at the SN location, we resorted to extracting spectra of other regions, which were as nearby as possible to the exact location and which contained sufficient signal. The projected distances on the plane of the sky between the reported regions and the SN locations, at the distance of these galaxies (that all appear face-on), are: 4.63 kpc for MGC+03−43−5, 4.11 kpc for NGC 1187, 7.19 kpc for NGC 214 and 2.42 kpc for NGC 7803. In all cases we first traced the nuclear galaxy spectrum and then used the same trace function for all other apertures.
During our observing run, the Moon was relatively bright and close to many of our targets. The influence of the Moon was manifested as a halo in the blue part of the CCD. This complicated pattern proved difficult to correct for, causing problems in the background removal, especially below 4000 Å. Combined with the reduced sensitivity of the CCD in the blue, data below this wavelength therefore have large associated uncertainties.
SN classifications
Traditionally, SNe are classified by their optical spectra around maximum light, and the distinction between SNe Ib and SNe Ic is based on the relative strength of He i and O i lines (Filippenko ( f ) whether the SN belongs to the CSP or the SDSS subsample with the discovery method noted in parentheses: T stands for targeted and N for non-targeted searches.
(g) either point sources, or the SN location coincides with the galaxy nucleus.
1997; Matheson et al. 2001) . The distinction between these subtypes can, however, be a subtle and difficult matter. Following the temporal evolution of the spectra is usually a great help, especially since the He lines in SNe Ib typically become more prominent as time passes, and it is not unusual that SNe are reclassified as multi-epoch spectra are obtained. In some cases, however, the data coverage and/or quality of the spectrum used to make the classification is poor so a subclassification is difficult, if not impossible. In fact, SNe Ib/c form a continuum, depending on the amount of He that has been stripped off their progenitor. The existence of intermediate objects also consists a challenge for the subclassification scheme.
Great caution should be taken when adopting the reported SN types, especially when the distinction between types Ib and Ic is important. The spectral classifications that are reported in Table 1 are the result of careful inspection of the spectra that were available to us, and in many cases they differ from what is reported in the IAU or CBET circulars or in the continuously updated Asiago SN catalog (Barbon et al. 1989) . The number of reclassifications we had to make is significant (8 out of 20 events). This shows that, if proper care is not taken, even the statistical power of large samples might be affected. The individual cases are briefly discussed below.
For the CSP subsample we note the following differences: SNe 2006ir and 2007hn were discovered and reported as SNe Ib/c by the SN Factory (Pecontal et al. 2006; Buton et al. 2007 ). Based on multi-epoch CSP spectra, we refine the classication to SNe Ic. SN 2005bj is a SN IIb and not a SN Ic as the strong absorption at ∼6350 Å is clearly due to Hα (possibly blended with He λ6678) and not to Si as initially suspected (Morrell et al. 2005) . SNID (Blondin & Tonry 2007 ) also shows an excellent overall agreement with other type IIb objects. Similarly, SN 2004ff is a SN Ib (probably even IIb) and not of type Ic, based on prominent He lines detected in a series of 3 spectra. The first CSP spectrum is dated almost 2 weeks after the reported classification spectrum (Modjaz et al. 2004) , illustrating the importance of temporal coverage. For the purposes of this paper, SNe IIb will be grouped together with SNe Ib. For SNe 2006lc and 2007kj we note a similarity with SN 1999ex (see also Blondin et al. 2006; Olivares et al. 2007 ), for which an intermediate classification (Ib/c) is often quoted since its He lines are weaker than in prototypical type Ib objects (Hamuy et al. 2002) . We have attributed them such a transitional classification, although we also discuss the consequences of including them in the type Ib sample. SN 2007C is even less of a clear case and for this reason we preferred a mixed Ib/c classification. The CSP SNe Ib/c spectra will be published in Stritzinger et al. (in prep.) .
All spectra obtained at the NTT or the NOT for the SDSS-II SN Survey have been carefully reduced and examined again in a comprehensive and systematic way byÖstman et al. (2011), and are now publicly available 2 . These include 6 of the 9 SNe Ib/c from our SDSS subsample. In general, the SDSS-II discovered SNe have spectra with lower S/N, suffer significant host galaxy contamination and typically span only 1−2 epochs, making classification a de facto more difficult task compared to the nearby CSP SNe. An exception is SN 2006fo, for which we have many spectra, including three from the CSP. The examination of this event byÖstman et al. (2011) led to the confident revision of its type to Ib (from Ic), which is now also the official SDSS-II classification. We inspected the spectra of the other events and conclude that the most probable types are indeed those that are adopted by SDSS-II, and we therefore retain these classifications. Admittedly, a detailed division between types Ib and Ic SN based on these spectra might be overly ambitious. A more conservative approach is followed byÖstman et al. (2011) Examples of stellar continuum fit and extraction of emission line spectrum for two representative cases. The black line shows the original spectrum at the location of the SN explosion. This spectrum is fit with a linear combination of SSP models with dust attenuation as an additional free parameter: the resulting best fit of the stellar continuum is shown in red. By subtracting the best-fit continuum from the original spectrum we obtain the pure emission line spectrum (blue line).
been revised from type Ib to type Ia by the SDSS-II collaboration (M. Sako; priv. comm.). We have therefore only included it in our tables and not in the analysis. 
Methods and results
To derive accurate measures of nebular emission lines, which carry information about the gas metallicity and the age of the youngest stellar populations, care must be taken in accounting for the underlying stellar continuum and absorption features. This is particularly relevant for the Balmer lines of young stellar populations. To be able to even recover weak emission lines, we rely on the procedure implemented in the platefit code. This code has been developed and optimized for the analysis of SDSS spectra, as described in Tremonti et al. (2004) and Brinchmann et al. (2004) . In summary, the stellar continuum is recovered by fitting stellar population synthesis models to the galaxy spectrum. The template model spectra are simple stellar population (SSP) spectra predicted by the Bruzual & Charlot (2003) code at ten different ages between 0.005 and 10 Gyr and three metallicities (Z = 0.2, 1, and 2.5 Z ⊙ , where Z ⊙ = 0.02). The templates are first convolved and rebinned to match the spectral resolution and binning of the observed spectra. The code performs a non-negative least-squares fit to the emission-line free regions of the spectrum finding the best-fitting linear combination of the template spectra with dust attenuation as an additional free parameter. The 'pure' emission line galaxy spectrum is recovered by subtracting from the observed spectrum the bestfit continuum and any remaining residuals smoothed on a scale of 200 pixels. Two representative examples are shown in Fig. 1 .
We measured emission line fluxes and equivalent widths (EW) from the stellar-continuum-subtracted spectra and tabu-3 After the present paper was accepted, new communication revealed that the SDSS-II classification for this SN might be revised again. Modjaz et al. (2011) include it in their broad-lined SN Ic sample. In any case, it is probably better to exclude it due to the related uncertainties.
lated their values in Table 2 are the ones measured on the emission line spectra (i.e. corrected for stellar absorption). For reference and to facilitate comparisons with the literature, we also provide the fluxes as measured in the original spectra, both at the host galaxy center and at the SN location (Table 4) .
Metallicity estimates
To derive metallicities, we used the empirical O3N2 and N2 calibrations described by Pettini & Pagel (2004) . These methods present some advantages over other strong-line diagnostics, by being based on ratios of neighboring lines and are therefore insensitive to extinction and to uncertainties in flux calibration. Given the limited number of [O ii] λ3727 detections, combined with the large uncertainties in the blue part of the spectra, no advantage would result from using R 23 or other methods that use this line (see e.g. Kewley & Dopita 2002 Zaritsky et al. (1994) , we obtain log (O/H) + 12 = 8.23. To account for the different method used and all the related uncertainties, we assigned a conservative uncertainty of 0.20 dex to this value.
The N2 calibrator presents a 1σ (2σ) dispersion of 0.18 (0.41) dex, which is comparable to the dispersion of R 23 -based methods (Pettini & Pagel 2004 ). An even smaller dispersion of 0.14 (0.25) dex can be achieved by using the O3N2 method. However, in our case the determination of O3N2 was possible only for some cases, and for this reason we focus on the N2 scale in the rest of the paper. The estimated metallicities for the local SN environments are tabulated in Table 3 .
Plotted in Fig. 2 are the metallicities at the SN locations versus the host galaxy luminosity. In addition to our sample, we have also included the 3 SNe Ib that occurred in NGC 2770 for which we conducted the measurements in a similar manner (Thöne et al. 2009 ). For comparison we also plotted the GRB associated SNe and the broad-lined SNe Ic studied by Modjaz et al. (2008) . All metallicities were converted to the N2 scale based on the reported line fluxes (Modjaz et al. 2008; Sollerman et al. 2005; Hammer et al. 2006; Margutti et al. 2007; Wiersema et al. 2007 ). The righthand panel shows a comparison with the mean N2 values by Anderson et al. (2010) and Modjaz et al. (2011) . This is useful to illustrate the corresponding offsets between type Ib and Ic SNe in the three studies.
The SNe Ib (N = 14 including the 3 from Thöne et al. 2009 ) have a mean N2 metallicity of 8.52±0.03 dex. The quoted error is the standard error of the mean, i.e. σ/ √ N, where σ is the standard deviation. In this case σ = 0.13. The SNe Ic have a Notes. The tabulated metallicity errors are only the propagated measurement errors. To obtain the total uncertainty in the metallicity one needs to add quadratically a systematic error of 0.14 dex for O3N2 and 0.18 dex for N2 (Pettini & Pagel 2004) . mean metallicity of 8.60±0.05 dex and σ = 0.11 on the same scale. This is, however, based on only N = 5 events, since many objects from our initial sample were reclassified. We note here that these errorbars (like those in the mean values quoted by Anderson et al. 2010 and Modjaz et al. 2011 ) are underestimated because they do not include the uncertainties in the individual metallicity measurements (largely dominated by the systematic uncertainties in the metallicity calibrators; see Sect. 4.1).
Age estimates
We derive two different estimates for the stellar age at the SN location, namely the luminosity-weighted mean stellar age from the stellar absorption features and the age of the ionizing (youngest) stellar populations from the Hα EW. We measure the stellar absorption features of the spectrum subtracted by the Gaussian fits to the nebular emission lines. Estimates of the luminosity-weighted mean age are derived by comparing the observed absorption features with those predicted by a ′ and [Mg 2 Fe]) to help break the age-metallicity degeneracy. For each object we derive the probability density function (PDF) of the luminosity-weighted age in this way. We take the median of the PDF as the fiducial age estimate and the 16th and 84th percentiles as the 1σ uncertainty range. The results are summarized in Table 3 .
One can immediately see that these ages range between 0.8 -7 Gyr, i.e. old compared to the lifetimes of massive stars. This is expected since the stellar absorption features probe the mean age integrated over the whole star formation history in the region. In our case, however, it is more relevant to examine the age of the youngest, i.e. latest, star formation episode in this region. The question we want to address is whether there are any SN locations that, despite the large uncertainties, indicate a population that is older than what is allowed by the stellar evolution models for single massive stars. Such an age estimator, which is sensitive to the most recent star formation, is the Hα EW (see e.g. Leitherer et al. 1999; Zackrisson et al. 2001) . Even so, the relation between Hα EW and age strongly depends on the star formation history. Unfortunately, our question can only be addressed under the assumption that the latest star formation episode was instantaneous, because if star formation is continuing, massive stars can be born at any time and give rise to CC SNe. This means that a conclusive answer cannot be given, but we believe that any contribution to the 'single versus binary' channel discussion deserves effort.
The ages of the young stellar populations in the vicinity of the SNe have been estimated by the measured Hα EW and by comparison with the predictions of Starburst99 (Leitherer et al. 1999 , see their Fig. 83 ) for instantaneous star formation. Our metallicity estimates were used to choose the appropriate table (Z = 0.008 and Z = 0.02 are relevant). We were conservative by providing the widest range in ages that are compatible with our measurements. For example, at an Hα EW of ∼20 Å at solar metallicity, the models are degenerate, and many ages between 7 − 10 Myr provide a solution. We therefore provide a range of possible ages (Table 3) , rather than one single interpolated age. Furthermore, this range is widened by the uncertainty in our EW measurements and the different possible IMFs examined by Leitherer et al. (1999) . Indeed, we see that the ages computed this way are much younger than the luminosity-weighted mean stellar ages estimated from the absorption features and, therefore, represent a lower limit to the age of the SN regions. These lower limits have been plotted in Fig. 3 . We note that Levesque et al. (2010a) used a similar approach and estimated the ages of the young stellar populations in GRB host galaxies from the Hβ EW.
Discussion

Metallicities
Investigating the metallicities of the SN environments is important because within the single massive progenitor scenario SNe Ic are expected to be found in more metal-rich environments than SNe Ib. This is due to the strong dependence of stellar winds on metallicity (Vink & de Koter 2005) , with stars of the same initial mass suffering more severe mass loss and envelope stripping at higher metallicities.
Our result is intermediate to those of Anderson et al. (2010) , who find equal metallicities for SN Ib and Ic environments, and of Modjaz et al. (2011) who find SNe Ic to lie in more metal-rich environments than SNe Ib. Modjaz et al. find a difference of 0.20 dex (in the O3N2 scale) and a high probability for rejecting the null hypothesis that types Ib and Ic explode in similar metallicity environments, based on the Kolmogorov-Smirnov (KS) test (pvalue = 1%). In our sample we cannot detect such a significant difference: a KS test provides very weak evidence against such a hypothesis (p-value = 17.1%).
We note that the errors quoted until now (i.e. the standard error of the mean), as well as the ones of Anderson et al. and of Modjaz et al., ignore the relatively large errors in the individual metallicity estimates. When the individual error-bars (here 0.18 dex) exceed the sample standard deviation σ (here < 0.15 dex), the standard error of the mean underestimates the real uncertainty in the mean value. This is the case here because the individual metallicity errors are dominated by the uncertainty in the N2 (or O3N2) calibration. In that case, an error propagation of the individual errors in the calculation of the mean is more appropriate. The same results can be obtained by a simple Monte Carlo (MC) simulation where the individual metallicities are perturbed around their mean value (and within the provided errors) and a metallicity mean is computed in each realization. Such a calculation reveals that the true uncertainties in the mean metallicities are 8.52±0.05 for SNe Ib and 8.60±0.08 for SNe Ic. In the rest of the paper all quoted errors are computed with this method. In addition, by performing a KS test for each MC realization, we find that quoting a single p-value is simplistic but that there is a distribution of generated p-values with an associated confidence interval (here 0.007< p <0.483 at the 68% confidence level). We therefore find no significant evidence that types Ib and Ic SNe explode in different environments. We believe that taking this into account would also lower the significance of the 0.20 dex difference reported by Modjaz et al. (2011) . It is not obvious why the results from the three samples differ slightly, especially for the SN Ib environments. Unlike the other studies, we have measured fluxes in spectra where the stellar continuum has been subtracted (Sect. 3), but this is not what causes the difference: if we use the original spectra (Table 4) we obtain N2=8.54±0.05 dex for SNe Ib and 8.61±0.08 dex for SNe Ic. The N2 metallicities are on average a little lower in the stellar-continuum-subtracted spectra (as the corrected Hα emission is enhanced), but the offset between types Ib and Ic in our sample remains at the same level. We have compared our results to those that can be obtained on SN spectra that were available to us, a measurement of metallicity based on lines from the host galaxy was possible (11 cases), and we have found very good agreement. Overall good agreement was also obtained for the nuclear metallicities of the five galaxies in our sample that possess an SDSS spectrum. At the time this work was accepted for publication, the version of Modjaz et al. (2011) did not provide individual line fluxes or metallicities, and it was thus not possible to make direct comparisons for the five host galaxies that are common to our samples. 4 Anderson et al. (2010) provide metallicities for the individual hosts on the N2 and O3N2 scales, but there is no overlap between our samples. By merging the two samples (using our fluxes in Table 4 to avoid differences in methodology), we obtained 8.58±0.04 dex for SNe Ib (N = 24) and 8.60±0.05 dex for SNe Ic (N = 19) , i.e. a result intermediate between the two (and qualitatively very similar to Anderson et al. 2010 ). This, of course, was expected, but we argue below that, at present, a merging of the samples is perhaps not very meaningful.
The Anderson et al. (2010) sample has SN classifications drawn from the Asiago SN catalog, and we have demonstrated in Sect. 2.1 that this can be risky. Furthermore, the Anderson et al. (2010) sample is likely to be biased towards higher metallicities because it studies SNe that have been discovered in targeted searches of bright nearby galaxies. Within our own sample, all CC SNe discovered by targeted searches (N = 9) have a mean metallicity of 8.65±0.06 dex, while non targeted searches (N = 11) give 8.56±0.06 dex (SN 2006lc is included in both samples). In addition, the former seem to cluster more tightly around their mean (close to solar) value (σ = 0.07), while the latter present a much larger dispersion (σ = 0.15). This difference is at least as strong as the one found between types Ib and Ic SNe, and it stems from the galaxy mass-metallicity relation (Tremonti et al. 2004) . Also, this is additional evidence that the method of SN discovery is a constraining factor in the observed environmental properties of SNe. It is possible that part of the reason Anderson et al. (2010) find relatively higher metallicities is that they explored a smaller region of the mass-metallicity parameter space. In fact, evidence is mounting that even SN demographics might differ when different types of host galaxies are probed by different types of searches (e.g. Arcavi et al. 2010) . We should therefore be careful before comparing two dissimilar samples.
Concerning SNe Ic-BL (N = 9), on the N2 scale they have 8.51±0.06 dex (σ = 0.16) and we thus confirm that their environments are closer to the SN Ib distribution than to the normal SN Ic distribution (Modjaz et al. 2011; Arcavi et al. 2010) . Finally GRB-SNe, as pointed out by Modjaz et al. (2008) , are found in lower metallicity environments (8.23±0.09 dex; σ = 0.14 on this scale). The latest nearby event of this kind (GRB 100316D/SN 2010bh) also seems to follow this picture (Chornock et al. 2010; Starling et al. 2011) . As a matter of fact, low metallicity has been proposed to be necessary for the formation of a GRB jet (Yoon & Langer 2005; Woosley & Heger 2006) in an event that would otherwise appear as a regular stripped CC explosion (such as the ones studied in this paper). Today, however, GRBs have been discovered in high-metallicity environments (Levesque et al. 2010b; Hashimoto et al. 2010) , while the fact that we usually detect them at low metallicities can be attributed to a selection bias, such as dust (e.g. Fynbo et al. 2009 ) or star formation rate (Kocevski & West 2010; Mannucci et al. 2011) .
We mentioned earlier that for four galaxies, the measurements were made at distances of 2-7 kpc from the SN (and closer to the galaxy center). Metallicity gradients (e.g. Zaritsky et al. (2009), we estimate that differences ranging between 0.08-0.14 dex should be subtracted by the tabulated values to obtain the SN location metallicity for these four galaxies. Since three of them are of type Ib (the fourth classified as Ib/c), this will have an implication for the sample mean value, lowering it a little. Indeed, assuming these values are correct, the offset between the types Ic and Ib metallicity increases to 0.10 dex, becoming slightly more significant. We caution, however, that these authors note that metallicity gradients might be flatter than the ones they use (e.g. Bresolin et al. 2004) and that this average approach is more suitable for larger statistical samples than for individual galaxies. Indeed, for MGC+03−43−5 we did not detect any significant metallicity gradient from the nucleus to the location where the spectrum was extracted (half way to the SN location).
There is also the question of SN classifications and how this can affect our samples. For instance, if SNe 2006lc and 2007kj are included in the SN Ib distribution, rather than in the intermediate type Ib/c sample, then our estimate for the mean SN Ib metallicity increases by 0.03 dex. We propose that in the future, as more and better host galaxy and SN data become available, such studies should focus on the metallicity dependence of a continuous SN property, such as the strength of the He lines, rather than resorting to a bold grouping of either type Ib or type Ic SNe. Such a methodology is, however, beyond the scope of the present paper.
Summarizing, based on the present sample and a proper evaluation of the errors, we can identify a tentative trend (0.08 dex for our fiducial case) towards, on average, finding SNe Ic in more metal-rich environments than SNe Ib, but this is not a significant result. Given that there is no precise model that quantifies the predicted difference in the mean environmental metallicities between types Ib and Ic SNe, it is difficult to assess the value of this trend. Such a quantitative prediction is difficult because the effect of metallicity has to be disentangled from the one of the progenitor initial mass, which also has an observable effect on the types of CC SNe (Anderson & James 2008; Kelly et al. 2008) , and the exact masses of our SNe are not known. In addition, recent models show that metallicity-driven winds can also play a role in binary evolution at least for some mass ranges (Yoon et al. 2010) . Overall, however, the observed trend (if true) does not qualitatively disfavor a single progenitor origin for SNe Ib/c.
Ages
The (minimum) ages of the regions that were derived in Sect. 3.2 (with the Hα EW method) are all relatively young in an astrophysical context. They range from 6 − 13 Myr, in broad agreement with the expectation that they should contain massive stars.
It is possible to make a more quantitative comparison with the lifetimes of single massive stars that explode as SNe Ib/c as predicted by the Geneva evolutionary models (Meynet & Maeder 2003 Georgy et al. 2009 ). We again used two reference cases, Z = 0.008 and Z = 0.02, and the horizontal dashed line in Fig. 3 separates our SN environments into two groups, depending on which metallicity is more relevant for them. According to Georgy et al. (2009) , the lower mass limit above which stars explode as SNe Ib/c at Z = 0.008 is 30 M ⊙ , while this is lowered to 25 M ⊙ at Z = 0.02 due to the increased effect of wind mass loss. The expected lifetimes of stars of these masses and metallicities are ∼7.6 and 8.7 Myr, respectively 5 (Meynet & Maeder 2003 . These ages represent upper limits of the lifetimes of stars that explode as SNe Ib/c because more massive stars will explode even sooner. These limits are indicated with the vertical dashed lines in Fig. 3 . We thus expect all SNe Ib/c that come from the evolution of single massive stars to be found to the left of these lines (in the gray shaded area). On the contrary, any SN that exploded outside this area could have a longer progenitor lifetime and may be due to binary evolution (without this possibility being excluded for the SNe in the gray area). Indeed, WR stars are predicted to occur over a wider range of ages in stellar populations that include binaries (Eldridge & Stanway 2009 ). We note that despite progress in modeling the evolution of binary stars (e.g. Fryer et al. 2007; Eldridge et al. 2008; Yoon et al. 2010) , it is not straightforward to deduce typical lifetimes for systems leading to SNe Ib/c to make a direct comparison with our data. The typical timescales depend on a series of parameters and are not as constrained as for single evolutionary models, ranging from very young (similar to single stars) to very old.
We observe that the lower limits for the ages of most SN host regions are compatible with the single progenitor scenario. There are also, however, a few that seem to contradict it. These are SN As already discussed, these comparisons have been made against the SN region age lower limits. The areas probed by the slit, however, also contain older stellar populations as is clearly indicated by the higher luminosity-weighted mean stellar ages. In principle, more SNe can originate in regions that are older than the limits in Fig. 3 and there could be more explosions attributed to binarity than in this limiting case. In addition, these stellar lifetimes were for the Geneva rotating models. Nonrotating models typically give lifetimes ∼15% shorter for the same stars (Meynet & Maeder 2003 . Restricting the comparison to the Geneva models is not a decisive factor since other models give similar (or higher) ZAMS mass limits leading to SNe Ib/c (34 M ⊙ ; Heger et al. 2003) and similar (or shorter) timescales for their evolution (e.g. Woosley et al. 1993; Limongi & Chieffi 2003) .
On the other hand, it is true that the quoted discrepancies are small on an absolute scale (between 1-4 Myr) and that star formation is present in almost all SN regions we examined (with the exception of the 4 SNe where no significant flux was recovered at the exact location to allow us measure an EW). That is, we did not find any clear case indicating a very old environment (as e.g. Perets et al. 2011 , which would unambiguously demand a binary channel explosion (always keeping in mind these four galaxies). The most serious concern, however, is that this exercise was made under the assumption of an instantaneous star formation episode. If the SN birthplace is still forming stars, no such strict limits can be placed through the Hα emission. We have no means of assessing the validity of such an assumption (which is indeed challenged by the presence of older stellar generations as indicated by the relatively old mean stellar ages). For this reason our conclusions are weak: we cannot unambiguously claim that the above-mentioned SNe had binary progenitors, but we can propose them as good candidates and we suggest that this possibility is also investigated by other means (e.g. through the SN properties). It is intriguing to point out that two of these explosions are of type IIb, i.e. similar to the prototype SN 1993J, the explosion for which the strongest evidence for binarity exists (e.g. Podsiadlowski et al. 1993; Nomoto et al. 1993; Maund et al. 2004) .
As a parenthesis, that the lower limit derived for the thermonuclear SN 2007qw environment is as low as 6 Myr is no surprise and should not raise any concerns. In contrast to CC SNe, this lower limit does not constrain the age of the SN progenitor in a meaningful way, because it is not comparable to the lifetimes of the suspected progenitor systems. That SNe Ia are often associated with young stellar populations (∼50-100 Myr) is well known (e.g. Mannucci et al. 2006 ).
Conclusions
We have compiled a sample of 20 well-observed stripped CC SNe. Particular attention was paid to classifying each object, and in many cases our spectral typing differs from what has been reported previously in the literature. We obtained spectra of the host galaxies for these SNe at the exact SN location using the NTT (+ EFOSC2) and fit these spectra with SSP templates in order to estimate and subtract the stellar continuum contribution.
The local metallicities were computed on the N2 scale and found to be, after a proper treatment of the systematic errors, 8.52±0.05 dex for SNe Ib and 8.60±0.08 dex for SNe Ic. This may indicate a trend toward increasing metallicity from SNe Ib to Ic, as expected by single evolutionary models, but it is not a statistically significant result. A comparison with other studies in the literature was made and differences were discussed.
The ages of the SN environs were estimated by comparing absorption features with population synthesis models (giving a luminosity-weighted mean stellar age) and by the measured Hα EW. The latter method probes the ionizing youngest stellar populations and was thus used to place lower limits on the ages of the SN birthplaces. These lower limits were compared with upper limits on the lifetimes of single massive stars as computed by the Geneva evolutionary models. For a number of SNe (7/19), these limits were found to be mutually incompatible, possibly indicating that they resulted from binary evolution. The discrepancies were, however, small (between 1-4 Myr), and all the SN regions we examined included areas of recent (<15 Myr) star formation. In addition, this conclusion was subject to the assumption that the SN progenitor was born during an instantaneous star formation episode.
Based on these results, we are not able to conclusively rule out any of the evolutionary paths leading to stripped SN explosions. The single progenitor channel seems consistent overall with the observations, while binary evolution might have been more likely for a few explosions in our sample, due to their associated ages. We speculate, in line with many other authors, that stripped SNe probably result from more than one channel. Detailed studies of the individual events and their environmnents are needed in order to reveal the nature of each one separately.
